Axl, a tyrosine kinase receptor, was recently identified as an essential component regulating innate immune response. Suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3 are potent Axl-inducible negative inflammatory regulators. This study investigated the role of Axl signaling pathway in immune restoration in an autologous bloodinjection mouse model of intracerebral hemorrhage. Recombinant growth arrest-specific 6 (Gas6) and R428 were administrated as specific agonist and antagonist. In vivo knockdown of Axl or suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3 by siRNA was applied. After intracerebral hemorrhage, the expression of endogenous Axl, soluble Axl, and Gas6 was increased, whereas the expression of suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3 was inhibited. Recombinant growth arrest-specific 6 administration alleviated brain edema and improved neurobehavioral performances. Moreover, enhanced Axl phosphorylation with cleavage of soluble Axl (sAxl), and an upregulation of suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3 were observed. In vivo knockdown of Axl and R428 administration both abolished the effect of recombinant growth arrest-specific 6 on brain edema and also decreased the expression suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3. In vivo knockdown of suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3 aggravated cytokine releasing despite of recombinant growth arrest-specific 6. In conclusion, Axl plays essential role in immune restoration after intracerebral hemorrhage. And recombinant growth arrest-specific 6 attenuated brain injury after intracerebral hemorrhage, probably by enhancing Axl phosphorylation and production of suppressor of cytokine signaling 1 and suppressor of cytokine signaling 3.
Introduction
Spontaneous intracerebral hemorrhage (ICH) remains a devastating disease causing high mortality and morbidity. 1 Accumulating evidence has demonstrated that neurological deficiencies in ICH are largely attributed to excessive activation of the innate immune response. [2] [3] [4] [5] Recently, intrinsic negative regulation following the engagement of innate immune response was highlighted. 6 Yet, the auto-regulatory mechanism involved in ICH remains to be elucidated.
Axl, a member of TAM (Tyro3, Axl and Mer) receptor tyrosine kinases, has recently been underscored as one critical regulator for innate immune response. 6, 7 Studies in peripheral myeloid cells demonstrated that Axl can be activated by its ligand growth arrest-specific 6 (Gas6), and the downstream signaling of Axl may include the suppressor of cytokine signaling 1, 3 (SOCS1, SOCS3). 8, 9 In addition, administration of exogenous Gas6 can attenuate inflammatory injury in autoimmune deficiencies in mice. Van den Brand et al. 10 found that localized injection of adenovirus overexpressing Gas6 alleviated arthritis inflammation. Gruber et al. 11 also reported inflammatory inhibition by intraventricular delivery of Gas6 during experimental autoimmune encephalomyelitis (EAE). However, no study addressed whether or how Axl is involved in ICH, especially in regulating innate immune response after ICH.
Thus, in the present study, we tended to characterize the role and mechanisms of the Axl signaling pathway in an autologous blood-injection ICH mouse model. We hypothesized that Axl may be triggered by innate immune response after ICH and played a key role in immune restoration. SOCSs protein may be enrolled in this self-protective response to inhibit cytokine releasing, whereas administration of Axl exogenous ligand (rGas6) may augment Axl activation, facilitate negative regulatory effect of SOCSs, and help immune restoration after ICH.
Materials and methods
This report is conducted according to the ARRIVE guidelines Animals All animal protocols and procedures for this study were approved by the Institutional Animal Care and Use Committee at Loma Linda University. The study followed the Guide for The care and the Use of Laboratory Animals (National Research Council) and complied with the ARRIVE guidelines for reporting in vivo experiments. Two-hundred and twelve eight-weekold male CD1 mice (weight¼22-25 g; Charles River, Wilmington, MA) were subjected to this study. Six mice included died of severe neurological deficiency, and three more mice were excluded because of anesthesia complication (see Supplementary Information 1, SI Table 1 ). All mice were housed in filter-top cages and fed a standard diet, with a 12-h light/dark cycle. Free access to food and water as well as controlled temperature and humidity were provided.
Autologous blood-injection ICH model
A stereotactically guided, autologous whole blood double injection model was used to mimic right-sided intrastriatal bleeding as previously published. 12, 13 Briefly, mice were anesthetized with ketamine (100 mg/kg) and xylazine (10 mg/kg) (2:1, intraperitoneal injection) and fixed prone in a stereotactic frame (Kopf Instruments, Tujunga, CA); 30 mL autologous arterial blood without anticoagulation was obtained from the central artery of the tail and injected into the basal ganglion (0.2 mm anterior, 2.0 mm lateral to the bregma, and 3.5 mm deep). The syringe was fixed onto the microinjection pump, while the needle was stereotactically inserted into the brain through the burr hole. At first the needle was stopped at 0.5 mm above the target position and 5 mL of blood was delivered at a rate of 2 mL/min. The remaining 25 mL blood was injected 5 min later than the first bolus at 3.5 mm depth at a rate of 2 mL/min. The needle was held in place for 10 min more after injection and withdrawn slowly to allow the blood coagulation. Bone wax was then applied to seal the craniotomy, and the scalp was closed with suture. Mice in the sham group were subjected to sterile saline injection only.
Experimental design
Six separate experiments were conducted (see Supplementary Information 2, SI Figure 1 ). Experiment I. To determine the time course of endogenous Gas6, Axl, and soluble Axl (sAxl) after ICH, Western blots analysis for their expression were performed using the peri-hematoma tissue in the ipsilateral/right hemisphere of each group at 3, 6, 12, 24, and 72 h after ICH insult. Sham group received saline injection of the same volume (n¼6 each time point).
Experiment II. Double immunofluorescent staining was applied to characterize the Axl localization with neuronal specific nuclear protein (NeuN), glial fibrillary acidic protein (GFAP), and ionized calcium-binding adaptor molecule 1 (Iba-1) in sham and ICH groups at 24 h, respectively (n¼3 each group).
Experiment III. To assess the effect of intranasal administration of exogenous recombinant Gas6 1 h after ICH, brain water content and neurobehavioral functions were performed at 24 and 72 h after surgery. The mice were divided into four groups: sham, ICHþvehicle (PBS), ICHþrGas6 (0.1 mg/kg), and ICHþrGas6 (0.4 mg/kg) (n ¼ 6/8).
Experiment IV. Immunoprecipitation at 24 h was applied to detect the phosphorylated Axl and soluble Axl in sham, ICH with vehicle and ICH with recombinant growth arrest-specific 6 (rGas6) treatment groups (n¼6 each group). The time course of Gas6, Axl, soluble Axl (sAxl) with treatment of recombinant Gas6 was evaluated by Western blots as well. The expression of SOCS1 and SOCS3 with rGas6 treatment was also evaluated by Western blots through a time course of 72 h after ICH or sham surgery. The samples for sham and ICH groups were shared from Experiment I. Experiment V. R428, a specific antagonist for Axl, was formulated with 1% dimethyl sulfoxide and sterilized saline to a final concentration of 0.5 mg/mL. Intraperitoneal administration of R428 was performed to further clarify the essential role of Axl signaling pathway in the context of ICH. Three groups were divided: sham, ICHþvehicle (saline), and ICHþR428 (100 mg/kg). Brain water content and modified Garcia score were evaluated at 24 h (n¼6/8 each group). Western blot was performed to evaluate the cytokine releasing of interleukin (IL)-1b and tumor necrotic factor (TNF)-a. The ICH group samples applied in Western blot assay were shared with Experiment I and the neurological score data of sham group were share from Experiment III. Experiment VI. In vivo knockdown of Axl or the SOCS1, 3 was performed by intracerebroventricular injection of siRNA 48 h before ICH surgery and then followed with rGas6 (0.4 mg/kg) treatment. The sham, vehicle, and rGas6 groups shared neurobehavioral data from Experiment III. Modified Garcia score was evaluated at 24 h after ICH insult and Western blots assay were applied to detect the expression of SOCS1, SOCS3, IL-1b, and TNF-a (n¼6). The Western blot and immunoprecipitation samples were shared with Experiments I and IV, and the neurobehavioral data were shared with Experiment III.
Intranasal administration of rGas6
Intranasal administration was performed as previously described. 14 PBS or rGas6 (0.1 mg/kg or 0.4 mg/kg) dissolved in PBS was administrated. A total volume of 20 mL was delivered into the bilateral nares, alternating one naris at a time; 12 mg rGas6 was given to all the experimental groups, except for those using the low dose of 0.1 mg/kg.
Neurobehavioral function assessment
Neurobehavioral functions were assessed by modified Garcia neurological score, forelimb placing test, and corner turn at 24 and 72 h after surgery, as previously reported. 15, 16 Seven items were included in modified Garcia score: spontaneous activity; body proprioception; sense of vibrissae touch; limb symmetry; forepaw outstretching; and response to whisker stimulation; and climbing. The evaluation consisted of seven tests that can be scored from either 0-3 (spontaneous activity, limb symmetry, sense of vibrissae touch, and forepaw outstretching) or 1-3 (climbing, body proprioception, and response to whisker stimulation). In the corner turn test, animals were allowed to enter into a corner with a 30 C angle. The animals will try to exit the corner with either a right turn or left turn. Ten trials were performed for each animal, and the percentage of right turns in 10 trials was calculated. Forelimb placing test was conducted when the animal was held by their torsos, which allowed the forelimb to hang free. When the animals were approaching the corner edge of a countertop, the forelimb placing ipsilateral to the stimulated vibrissae was recorded. The percentage of appropriate forelimb placing in 10 trials was calculated. Two experienced investigators blinded to animal groups performed these tests and the mean value was defined as the final score for each mouse.
Brain water content measurement
Brain water content was measured as previously reported. 17 Briefly, mice were decapitated under deep anesthesia. Next, brains were immediately removed, and the surface water on the cerebral tissues was blotted with filter paper. The brains were then divided into five parts (ipsilateral and contralateral cortex, ipsilateral and contralateral basal ganglia, and cerebellum). Each part was weighed on an electric analytic balance to obtain the wet weight and then dried at 100 C for 24 h to obtain the dry weight. Brain water content was calculated using the following formula: brain water content (%) ¼ (wet weightÀdry weight)/wet weightÂ100%.
In Vivo RNAi
In vivo RNAi was performed as previously described. 18 For Axl in vivo RNAi, Accell SMART pool siRNA duplexed of three different siRNA were applied by intraventricular injection as previously described. Mouse Axl-siRNA, SOCS1-siRNA and SOCS3-siRNA (0.5 nmol/ 2 mL, Dharmacon, Lafayette, CO), and negative control siRNA (0.5 nmol/2 mL, Dharmacon, Lafayette, CO) were delivered into the ipsilateral ventricle (1.0 mm lateral of the bregma, 3.2 mm deep) according to the manufacturer's instructions, at a rate of 0.5 mL/min.
Western blots
Western blots was performed as previously described. 19 Primary antibodies used were goat polyclonal anti-Axl (Santa Cruz Biotechnology, Santa Cruz, CA, used for total Axl), mouse monoclonal anti-Gas6 (R&D system, Minneapolis, MN), mouse monoclonal anti-Axl (R&D system, , used for soluble Axl), mouse monoclonal anti-SOCS1 (R&D system), mouse monoclonal anti-SOCS3 (R&D system), goat polyclonal anti-IL-1b (Abcam, Cambridge, MA), and goat polyclonal anti-tumor necrostic factor (TNF)-a (Abcam, Cambridge, MA). Goat polyclonal b-actin and the secondary antibodies were all from Santa Cruz Biotechnology. ECL Plus chemiluminescence reagent kit (Amersham Biosciences, Arlington Heights, IL) was used to probe immunoblots.
Immunoprecipitation assay
The procedure of immunoprecipitation was carried out following the manufacturer's guidelines as previously described. 8 Protein extracts were precipitated by goat polyclonal anti-Axl (Santa Cruz Biotechnology, Santa Cruz, CA, used for total Axl) and protein A/G PLUS-Agarose (Santa Cruz Biotechnology, Santa Cruz, CA). After washing and centrifuging, the pellet was collected and re-suspended and boiled with loading buffer. Goat polyclonal anti-Axl (Santa Cruz Biotechnology, Santa Cruz, CA, used for total Axl), mouse monoclonal anti-Axl (R&D system, used for soluble Axl), and antiphosphorylated tyrosine (Millipore, Billerica, MA) were applied to probe Axl, soluble Axl, and phosphorylated Axl by Western blots. IgG (Santa Cruz Biotechnology, Santa Cruz, CA) worked as an internal loading control.
Immunofluorescence staining
Immunofluorescence staining was performed as previously described. 18 Coronal frozen slices (10 mm) were obtained with cryostat (Leica CM3050S-3-1-1, Bannockburn, IL) and permeabilized with 0.3% Triton X-100 in PBS for 30 min. Sections were blocked with 5% donkey serum for 1 h and incubated at 4 C overnight with primary antibodies: goat polyclonal anti-Axl (Santa Cruz Biotechnology, Santa Cruz, CA, used for total Axl), mouse monoclonal anti-Axl (R&D system, used for soluble Axl), rabbit polyclonal anti-NeuN (Abcam, Cambridge, MA), rabbit polyclonal anti-Iba-1 (Abcam, Cambridge, MA), and rabbit polyclonal anti-GFAP (Abcam, Cambridge, MA) followed by incubation with appropriate fluorescence-conjugated secondary antibodies (Jackson Immunoresearch, West Grove, PA) for 2 h at room temperature. The slices were visualized under a fluorescence microscope (Olympus BX51, Olympus Optical Co. Ltd, Japan), and pictures were taken with software MagnaFire SP 2.1B (Olympus, Melville, NY).
Statistics
All data were expressed as mean AE SD. Analysis was performed using SPSS version 22.0 (SPSS Inc.). Mean values were compared using Student t test for comparison between two groups. ANOVA or Kruskal-Wallis one-way analysis followed by post hoc Bonferroni test were used for multiple-group comparisons. Statistical significance was defined as p < 0.05.
Results
Endogenous Gas6, Axl and soluble Axl were upregulated after ICH As demonstrated in Figure 1 , endogenous expression of Gas6, Axl and soluble Axl was increased at 3 h after ICH and remained at high level at 72 h (Figure 1 (Ba) and 1(Bb)). Gas6 and soluble Axl reached the highest level at 24 h, whereas Axl arrived at the climax around 12 to 24 h (p < 0.05).
Endogenous Axl was expressed intracellularly in both microglia cells and neurons
Double immunofluorescent staining of Axl with neuronal specific nuclear protein (NeuN), GFAP, and ionized calcium-binding adaptor molecule 1 (Iba-1) ( Figure 2 ) demonstrated that sham samples were rarely Axl positive and mostly expressed on neurons (Figure 2(a) ). In contrast, after ICH, Axl was mainly localized in neurons and microglia cells 24 h after ICH (Figure 2(b) ).
Exogenous rGas6 treatment improved neurobehavioral performance and reduced brain edema after ICH Low (0.1 mg/kg) and high dosage (0.4 mg/kg) of recombinant Gas6 (rGas6) was intranasally applied 1 h after ICH. When compared to sham group, ICH mice receiving vehicle exhibited significantly worse neurobehavioral scores, including modified Garcia test (p < 0.01, Figure 3 (a)), corner turn (p < 0.01, Figure 3 (b)) and forelimb placing (p < 0.01, Figure 3 (c) at 24 and 72 h, as well as increased brain edema in ipsilateral basal ganglion (79.58 AE 0.71% vs. 82.90 AE 0.31%, p < 0.01, Figure 3(d) ). However, ICH mice receiving high dose of rGas6 (0.4 mg/kg) demonstrated improved neurobehavioral performances and significantly decreased brain edema at both 24 (80.98 AE 0.72% vs. 82.90 AE 0.31%, p < 0.01, Figure 3(d) ) and 72 h (80.56 AE 0.53% vs. 82.46 AE 0.43%, p < 0.01, Figure 3(d) ), when compared to the vehicle group. No significant differences of neurobehavioral score were observed between ICH mice with and without low dose of rGas6 at 24 h, thus only high dose of rGas6 was evaluated at 72 h.
Exogenous rGas6 potentiated Axl phosphorylation and mediated upregulation of SOCS1 and SOCS3
Immunoprecipitation was applied to detect total Axl, phosphorylated Axl, and soluble Axl (Figure 4(a) ) at 24 h after ICH. We verified that high dose of rGas6 did not increase the total expression of Axl when compared to the vehicle (Figure 4(a) ). However, the phosphorylated Axl was significantly increased in ICH mice receiving the high dose of rGas6. Interestingly, the expression of soluble Axl also showed significant increase when comparing the rGas6 group with the vehicle group, which was consistent with the change of phosphorylated Axl (Figure 4(a) ). Moreover, the Western blots illustrated different expression patterns of soluble Axl, SOCS1, and SOCS3 with rGas6 treatment over a time course of 72 h after ICH. There was an earlier elevation of Axl when the rGas6 group was compared with the ICH group (Figure 4 (b) and Figure 1 (Ba) and (Bb)). The generation of soluble Axl showed an increase at 3 h after ICH with rGas6 administration and remained high for 24 h (Figure 4 (b) and Figure 1 (Ba) and (Bb)). Additionally, when compared with the suppressed expression in the absence of rGas6 treatment (Figure 4(c) ), the expression of SOCS1 and SOCS3 was both remarkably elevated from 6 h with rGas6 treatment (Figure 4(d) ).
R428 aggravated brain edema and inflammatory cytokine releasing
A specific Axl antagonist, R428, was applied by intraperitoneal injection. Brain water content detection revealed more severe brain edema in response to R428 when compared to the vehicle at ipsilateral basal ganglion (83.51 AE 0.46% vs. 82.98 AE 0.41%, p < 0.05, Figure 5(a) ). Although significant difference of the modified Garcia score was absent (p > 0.05, Figure 5(b) ), the mortality in R428 treatment group was much higher than vehicle group (25% vs. 0). We also observed the expression of IL-1b and TNF-a by Western blot and found that both were substantially elevated when the R428 group was compared to the vehicle group (p < 0.05, Figure 5(c) ). Thus, R428 aggravated brain edema and promoted inflammatory cytokine releasing.
In vivo knockdown of Axl and R428 abolished the effect of rgas6 on inhibiting ICH neuroinflammation
To further verify the specificity of Gas6 as the ligand to Axl, we administrated Axl antagonist R428 and Axl siRNA in addition with rGas6. The knockdown efficacy was demonstrated by immunoprecipitation comparing the Axl siRNA with the control siRNA administration (Figure 6(a) ). Additionally, immunoprecipitation showed that, not only was total Axl significantly inhibited by Axl siRNA administration, but also was the expression of phosphorylated Axl and soluble Axl, compared with control siRNA administration (p < 0.05, Figure 6(a) ). Modified Garcia evaluated at 24 h after ICH insult demonstrated that the effect of rGas6 was abolished when si-Axl, R428, or si (SOCS1þSOCS3) were additionally applied (p < 0.05, Figure 6(b) ), whereas the control siRNA did not change the neurobehavioral function with rGas6 administration (p > 0.05, Figure 6(b) ). Western blots assay revealed a significant increase of SOCS1 and SOCS3 in rGas6 treatment group when compared with vehicle group (Figure 6(c) ). However, this effect of SOCS1 and SOCS3 upregulation was abolished when R428 or si-Axl was added besides rGas6 ( Figure 6(c) . Also, inflammatory cytokines such as IL-1b and TNF-a were both suppressed by rGas6 treatment when compared to the vehicle group. Nevertheless, IL-1b and TNF-a both showed rebound when rGas6 treatment was administrated at present with Axl-siRNA or R428 ( Figure 6(c) ).
In vivo knockdown of SOCS1 and SOCS3 abolished the inhibition effect of rGas6 on production of inflammatory cytokines
To investigate the anti-inflammatory role of SOCS1 and SOCS3, in vivo knockdown of these two negative regulator was processed. Western blots experiment showed that, SOCS1 and SOCS3 siRNA administration abolished rGas6-induced inhibition of IL-1b and TNF-a when compared with rGas6 treatment group (Figure 6(c) ). Also, the modified Garcia test showed worse outcomes when compared with the rGas6 treatment group (p < 0.05, Figure 6(b) ). Furthermore, rebound of TNF-a and IL-1b was observed compared to their expression in rGas6 treatment group, respectively ( Figure 6(c) ).
Discussion
Activation of the innate immune response contributes to the secondary injury and neurobehavioral deficits after ICH. 2, 13, 20, 21 Novel immune regulators have been targeted in pre-clinical research and clinical trials. [22] [23] [24] Known as an innate immune regulator, Axl recently received widespread attention. It is proposed that Axl keeps silent in tolerogenic environments, whereas engaged as soon as inflammation occurs to damp inflammation and maintain immune homeostasis. 7, 25 In clinical practice, soluble Axl both in cerebral spinal fluid and plasma was found as a promising biomarker for intracranial aneurysm rupture. 26 However, little was known about Axl signal in the setting of ICH.
In present study, we firstly characterized the expression of this signaling pathway in an autologous blood-injection mice model through a time course. The upregulation of Gas6, Axl, and soluble Axl indicated that innate negative immune modulation was rapidly potentiated upon ICH insult. Along with our findings, other studies also showed Axl potentiated when triggered by inflammatory stimuli, such as toll-like receptors (TLRs) ligands, 7 virus infections, 27 or in autoimmune diseases. 28 By applying exogenous rGas6, we observed neurobehavioral improvement as well as amelioration of brain edema. This finding was consistent with other studies using experimental autoimmune or inflammatory models. 11, 29 There were other studies suggesting that cleavage of a soluble form of Axl as an extracellular segment was resulted from Axl-Gas6 binding, and the intracellular phosphorylation of Axl was followed by further activation of downstream signals. 30, 31 Based on our findings, rGas6 only augmented the phosphorylation of Axl and cleavage of soluble Axl, rather than impeding the expression of total Axl. Thus, we may infer that rGas6 could only serve as a helper in inflammatory settings when total Axl expression was already potentiated. Additionally, our results also implicated that phosphorylation was required for Axl-dependent immune restoration, which was in accordance with the generation of soluble Axl. Some oncological studies suggested soluble Axl as an antagonist for Gas6, by preventing Gas6 binding with the intracellular total Axl. 32 We speculate that during ICH, the endogenous immune regulation is possibly limited by the generation of soluble Axl which blocks the continuous binding between Gas6 and total Axl. By applying exogenous rGas6, this barrier may be overcome and the Axl signaling pathway may be augmented.
From decades ago, SOCSs protein were recognized to suppress cytokines, such as IL-6, IL-4, and IL-1. [33] [34] [35] In our study, expression of SOCS1 and SOCS3 was inhibited during the time course of 72 h, and reversed with exogenous rGas6-administration. In vivo knockdown of both SOCS1 and SOCS3 before rGas6-treatment showed aggravated cytokine releasing and unfavorable neurologic outcomes. These data indicated SOCSs proteins as key factors in controlling inflammatory response subsequent to ICH. Recently, factors other than Janus Kinases/the Signal Transducers and Activators of Transcription ( JAK/STAT ) 35, 36 were found that substantially regulate SOCSs, such as Axl 7 and miR-155. 37 In our experiments, the upregulation of SOCSs expression was consistent with rGas6induced Axl activation. In contrast, blockade of Axl signal with R428 and Axl-siRNA both reduced SOCSs expression. Together these results suggested that activated Axl signal may be a substantial inducer of SOCS1 and SOCS3 in ICH model.
Previous studies elucidated the neuroprotective role of Gas6 in the model of multiple sclerosis 38, 39 and EAE. 11 In these studies, Axl was involved to mediate phagocytosis of apoptotic cells and neurogenesis which contributed to attenuating inflammation. But these indirect effects to inflammation were not referred to in the present study. Further study about other roles of Axl signal in ICH settings is needed. Another limitation in our study was that only male mice were utilized. Thus, we were unable to investigate into the difference between the two genders of Axl signaling, neither the gender effect in ICH. Therefore, we should be more cautious when interpreting these results.
A novel opinion in the present study is that, a potential narrow therapeutic time window exists for ICH treatment. We did not simply inhibit an inflammatory key factor as previous studies did, as more and more studies have revealed dual roles for certain Figure 6 . In vivo Axl knockdown reduced phosphorylated-Axl and soluble Axl, inhibited SOCSs signal and aggravated cytokine releasing. (a) Immunoprecipitating assay and quantification for Axl, phosphorylated Axl, and soluble Axl at 24 h following bICH in sham, ICH model with control or Axl siRNA. (b) Modified Garcia score evaluating neurobehavioral function in sham, vehicle, rGas6, rGas6þcontrol siRNA, rGas6þsi Axl, rGas6þR428, rGas6þsi (SOCS1þSOCS3). (c) Western blot assays detecting expression of SOCS1, SOCS3, TNF-a and IL-1b in sham, vehicle, rGas6, rGas6þcontrol siRNA, rGas6þsi Axl, rGas6þR428, rGas6þsi (SOCS1þSOCS3). n¼6/8 mice each group. si(S1þS3) represents si(SOCS1þSOCS3), rG6 represents recombinant Gas6. Error bars represented median AE standard deviation. *p < 0.05 versus sham; # p < 0.05 versus ICHþcontrol siRNA in (a), @ p < 0.05 versus rGas6 for (b); #p < 0.05 versus vehicle for (b) and (c).
''inflammatory factors'' we defined before. For example, thrombin was found pro-inflammatory, while essential to stop bleeding and brain recovery after ICH. 40, 41 Thus in this study, we chose to augment the impaired key factor to strengthen the immune restoration in early phase before the inflammatory cascades became overwhelmed.
In conclusion, our findings suggested that Axl signal may contribute to the immune restoration after ICH, and rGas6 administration can augment this neuroprotective effect. This signal was most likely mediated by intracellular phosphorylation and cleavage of ectodermal portion of Axl, and SOCSs upregulation was followed. Therefore, Axl signaling may be a potential target for ICH immune restoration.
